major role in the evolution of this group.
From the Iberian Peninsula, two taxa belonging to the C. pratensis group have been reported: C. pratensis s.str. and C. crassifolia (Jones & Akeroyd, 1993; Rico, 1993 ; both on the level of subspecies). The former is distributed in northern and central parts of the Peninsula (Rico, 1993) , and so far only two records on chromosome numbers, diploid and triploid, both from Portugal, have been reported (Lövkvist, 1956; Queirós, 1973) . Although Lövkvist (1956) indicated a distinct position of the Portuguese diploid, no detailed comparative morphological studies with non-Iberian representatives of C. pratensis s.str. have been performed so far. Cardamine crassifolia, one of the assumed basal taxa of the group (Franzke & Hurka, 2000) , is a diploid species described from the Eastern Pyrenees (Pourret, 1788) , but reported also from central and western parts of the Pyrenees, and from isolated mountain ranges in central Spain (Lövkvist, 1956; Rico, 1993; Mateo Sanz & al., 1994) . It possesses several morphological traits unique within the C. pratensis group (creeping rhizome, ascending stem, lack of basal rosette of leaves, presence of stolons) (Lövkvist, 1956; Rico, 1993) , although central Iberian representatives and those from the Central Pyrenees have been sometimes regarded as intermediate between C. crassifolia and C. pratensis s.str. (Rico, 1993) .
In this paper we present a combined karyological, morphometric and AFLP-fingerprinting (amplified fragment length polymorphism) study focusing on the Iberian populations of the C. pratensis group. The emphasis was put on (1) exploring morphological and karyological variation of Iberian populations of C. pratensis s.str., (2) elucidating their relationship to nonIberian populations, i.e., to test their distinction proposed by Lövkvist (1956) , and (3) on resolving the taxonomic position of central Iberian populations ascribed to C. crassifolia.
Morphometric analyses have been already successfully applied in previous studies on Cardamine species with complex morphological variation, and enabled delimitation of taxa by using a combination of several morphological characters (Marhold, 1992; Marhold, 1996; Lihová & al., 2000) . AFLP-fingeprinting is a recently developed (Vos & al., 1995) and already widely used molecular method, suitable for studies on populational and low taxonomic levels (e.g., Hedrén & al., 2001; Zhang & al., 2001; Marhold & al., 2002; Tribsch & al., 2002) . As the Iberian Peninsula has been considered one of the major European Pleistocene refugia (Comes & Kadereit, 1998) , studies in this area might be significant also from the point of view of the evolutionary history of the C. pratensis group and related taxa.
MATERIALS AND METHODS
Plant material. -Twenty-nine populations of C. pratensis s.str. were sampled for morphometric evaluation originating from Portugal and several provinces of Spain, to represent wide range of morphological variation. For morphometric analyses, each populational sample consisted of 20-40 individuals; for chromosome numbers 2-7 plants per population (27 populations) were analyzed. Material of C. crassifolia used in morphometrics was represented by eight populational samples from the Eastern Pyrenees, and 13 samples from central Iberian mountains (Sierra Segundera, Sierra de Gredos, Sierra de Albarracín, Sierra de Gúdar; Table 1 ). As some of them were of small population size, fewer individuals were sampled (12-35 plants) ; in the case of material from Sierra de Albarracín, individuals from three geographically close sites (populations no. 25, 26, 27; altogether 16 plants) were treated together in analyses performed at the populational level, as one populational sample (see morphometric analyses). For each population of C. crassifolia chromosome numbers were checked in 2-4 individuals (21 populations). Professor E. Landolt and Professor K. Urbanska (Zürich, Switzerland) provided us with their unpublished results of 15 analyses of chromosome numbers from the Iberian Peninsula, together with voucher specimens. They are published in this paper in order to complete information acquired by us (Table 1) .
AFLP analyses included altogether 114 samples, and the following taxa were represented (Table 1) : C. crassifolia from the Eastern Pyrenees (7 populations/13 individuals) and from central Spain (Sierra de Gredos, Sierra de Albarracín; 6/12), Iberian C. pratensis s.str. (12/31), C. pratensis s.str. from France, Italy, Slovakia and Slovenia (7/18), C. matthioli (5/10) from Slovenia and Slovakia, C. majovskii (5/10) from Slovenia, C. granulosa from Piedmont (northern Italy; 2/5), as well as populations of taxonomically uncertain position from central Italy, considered close to C. granulosa (4/12). Voucher specimens of all analyses performed in this study are deposited in SAV; only those of chromosome analyses done by Urbanska and Landolt (see Table 1 ) are in ZT.
For chorological study specimens from the following herbaria were investigated: B, BC, BIO, COI, JACA, M, MA, MACB, MAF, RNG, SALA, SALAF, SANT, ZT (see Appendix) .
Karyological analyses. -Chromosome numbers were determined from individuals collected in the field and then cultivated at the Institute of Botany, Slovak Academy of Sciences, Bratislava. Squashes were prepared from root tips treated as described in Marhold & al. (2002) , and chromosomes were counted from mitotic metaphase plates. Morphometric analyses. -Morphological characters were measured on herbarium specimens collected from the field, and the analyses were performed in four steps: (1) the whole Iberian material of the C. pratensis group was evaluated in order to explore overall patterns of variation, (2) samples of C. crassifolia from the Eastern Pyrenees and central Iberian mountains were analyzed comparatively in more detail, (3) different cytotypes found within Iberian C. pratensis s.str. were compared to examine the extent of their morphological differentiation, and (4) Iberian populations of C. pratensis s.str. were examined relative to those from central Europe.
(1) Iberian representatives of the C. pratensis group. The following ten quantitative characters were measured: length of petals, width of petals, length of sepals, length of longer and shorter filaments, number of stem leaves, number of segments on the stem leaf nearest the midpoint of the leafy part of stem, number of segments on the middle stem leaf, number of lateral inflorescences (longer than 1 cm), and number of leaflets of basal leaves. Floral organs were attached to adhesive tape when fresh, and size characters were measured on them after drying. In addition, six ratios were computed (based on measurement on the stem leaf nearest the midpoint of the leafy part of stem): length of stem up to the lowest Lövkvist, 1956; Dale & Elkington, 1974) , these characters were used only for computing ratios. The characters evaluated in this study were selected following our previous studies on Cardamine species (Marhold, 1996; Lihová & Marhold, 2003) and initial field observations, aiming to include the characters that might have discriminatory value.
Cluster analysis (UPGMA, unweighted pair-group method using arithmetic averages; Everitt, 1986) and principal component analysis based on a correlation matrix (PCA; Sneath & Sokal, 1973; Krzanowski, 1990) were performed using populations characterized by mean values as OTUs (operational taxonomic units, i.e., objects). Prior to clustering, data were standardized by zero mean and unit standard deviation, and Euclidean distance was used for computing pairwise similarities between OTUs.
(2) Cardamine crassifolia. PCA, and subsequently canonical discriminant analysis (CDA) and non-parametric classificatory discriminant analysis (Klecka, 1980) were performed on individuals as OTUs and populations of C. crassifolia from two main distributional areas, the Eastern Pyrenees and central Iberian mountains, as groups. The same character set was used as in part (1). PCA was performed to reduce the overall variation in 16 examined characters into three uncorrelated variables (components), and to depict morphological relationships among individual specimens. CDA, which by weighting characters maximizes differences between groups, was conducted to reveal the extent of morphological separation suggested by PCA and analyses in part (1). To determine characters mostly contributing to that separation, total canonical structure expressing correlation of the characters with the canonical axis was computed. In the classificatory discriminant analysis, which assesses the percentage of OTUs classified correctly into predicted groups, discriminant function was determined by the cross-validation procedure using k-nearest-neighbours (k = 11). In this procedure, classification criterion is based on n-1 individuals (n = total number of individuals) and then applied to classify the individual left out. Descriptive statistical parameters of the measured characters (mean, median, standard deviation and percentiles) for populations from the Pyrenees and central Iberian mountains were also computed, and those of most discriminating characters are presented in the form of box-plots. Besides the quantitative characters measured, also qualitative ones were observed and recorded for each specimen. These included characters on rhizome (thickness, growth orientation) and on basal parts of stem (ascending vs. erect stem, presence of stolons, presence or absence of basal rosette), as the following character combination, thin, horizontally creeping rhizome, ascending stem and lack of rosette, has been considered diagnostic for typical C. crassifolia from the Pyrenees (Lövkvist, 1956; Rico, 1993) .
(3) Iberian C. pratensis s.str. CDA on both individuals and populations as OTUs and non-parametric classificatory discriminant analysis were performed, with various cytotypes revealed (see Results) as groups. The aim of these analyses was to explore whether particular cytotypes can be distinguished morphologically. The characters evaluated were those included in (1), plus the number of segments on the third stem leaf (numbered from the stem base up), as this character was used in previous studies on the C. pratensis group (Marhold, 1996; Lihová & Marhold, 2003) . Because basal leaves are sometimes lacking on plants at flowering stage, the character number of leaflets of basal leaves had to be omitted from analyses performed at the individual level, but was included when evaluating populations. The values of measured characters (mean, interquartile range and 10/90 percentiles) scored for different cytotypes were compared to obtain detailed insights into their variation.
(4) Iberian vs. central European C. pratensis s.str. For their morphological comparison, all quantitative characters (qualitative differences were not observed) used in previous studies on the C. pratensis group from the Carpathians and Pannonia (Marhold, 1996) and from Slovenia (Lihová & Marhold, 2003) were included: size of flowers [for exact list of floral characters see (1)], number of leaves, number of segments on the third stem leaf, and number of lateral inflorescences. Central European populations were represented by four ploidy levels: 2n = 30, 38, 44 and two diploid (2n = 16) morphological types called C. rivularis auct., and "ucranica type" [for details and origin of samples see Marhold (1996) and Lihová & Marhold (2003) ]. PCA and UPGMA cluster analysis were performed using 29 Iberian and 45 central European populations as OTUs.
All morphometric analyses were done by using the SAS 8.2 package (SAS Institute, 2000) , except for cluster analyses which were run using SYN-TAX 2000 (Podani, 2001) .
AFLP analyses. -Total DNA was extracted from silica gel-dried leaves following the CTAB extraction protocol by Doyle & Doyle (1987) with minor modifications. The AFLP procedure (Vos & al., 1995) was the same as described in detail in Schönswetter & al. (in press ). DNA restriction with the endonucleases EcoRI and MseI and ligation to double stranded adapters were performed in one step. After that, preselective amplification with primers with a one selective base extension followed. On a basis of a primer test with 15 different primer combinations, three primer pairs were chosen for selective amplification: EcoRI -AAG-(HEX), MseI -CTG; EcoRI -ATC-(6-FAM), MseI -CAG; EcoRI -AGC-(NED), MseI -CTG. The amplified AFLP fragments were electrophoresed and detected in an ABI Prism 377 sequencer, and then analyzed with GeneScan ® software (PE Applied Biosystems). Presence or absence of fragments ranging from 70 to 500 bp were scored for each sample (only well scorable, unambiguous fragments were analyzed) and transferred into a binary matrix using GenoGrapher (version 1.6.0, © Montana State University 1999; http://hordeum.msu.montana.edu/genographer/). Distribution of AFLP fragments across the studied taxa was extracted from the binary data matrix. For each taxon (or geographically isolated group of populations), the total number of AFLP fragments, mean number of fragments per individual, number of exclusive (present in a given taxon only, but not necessarily in all its samples) and diagnostic fragments (present in all samples of a taxon and absent from all other taxa) were calculated. Principal coordinate analysis (PCoA) based on pairwise similarities computed with Jaccard's coefficient was performed using SYN-TAX 2000 (Podani, 2001 ). Neighbour-joining tree using Nei & Li (1979) genetic distance was generated by the TREECON program (version 1.3b; Van de Peer & De Wachter, 1994 ) with bootstrap option (2,000 replications). In addition, analysis of molecular variance (AMOVA; Arlequin, version 2.000, Schneider & al., 2000) was calculated from a matrix of squared Euclidean distances to estimate population differentiation in C. pratensis s.str. and C. crassifolia (including populations from the Eastern Pyrenees and those from central Iberian mountains). Total genetic variance was partitioned into levels of individuals within populations, among populations, and among groups of populations. Various groupings of populations (with two to nine groups), either based on geographic regions or ploidy level were tested. Population sample no. 44 (see Table 1 ) of unknown ploidy level was omitted from the AMOVAs. In all cases, 10,000 permutations were run to obtain F-statistics.
RESULTS
Karyological analyses. -All populations previously classified as C. crassifolia from the Pyrenees and central Iberian mountains were found to be diploid with 2n = 16 (Table 1 ). For C. pratensis s.str. remarkable karyological variation was revealed (Table 1, Fig. 1 ). Diploid to heptaploid populations, including also dysploid ones, were found across its distribution in the Iberian Peninsula. Diploids (2n =16) were recorded from Beira Litoral region in Portugal, from the Basque country (central part of northern Spain), and from the Central Pyrenees. Two cytotypes at the tetraploid level, namely 2n = 30 and 2n = 32 were observed, the former one concentrated in Galicia (NW Spain) and Portugal (but found also on the northern slopes of the Eastern Pyrenees), the latter in the Basque country and Central Pyrenees. In a geografically small area in Beira Litoral one diploid (2n = 16) and one hypotetraploid (2n = 30) population was found by us, in addition to two triploid (2n = 24) counts recorded by Urbanska and Landolt (Table 1) . Two pentaploid populations with 2n = 40 were recorded from the Western and Central Pyrenees. At the hexaploid level, two cytotypes with 2n = 46 and 48 were found. Populations with 2n = 56 were determined from central (prov. Madrid, Segovia) and northern Spain (prov. Cantabria).
Morphometric analyses. -(1) Iberian representatives of the C. pratensis group. Both the PCA (Fig. 2 ) and cluster analysis (figure not shown) performed on the whole Iberian material gave similar results. Two main groups, corresponding to C. pratensis s.str. and C. crassifolia as previously classified, were resolved, clearly separated along the first axis in the ordination graph. Only one population of C. pratensis s.str. from the Central Pyrenees (population no. 61, see Table 1 ) was unexpectedly placed among samples of C. crassifolia. All floral and leaf characters (excluding ratios) contributed almost equally to division along the first axis, as seen from the eigenvector values (Table 2 ). Cardamine pratensis s.str. has larger flowers, and higher number of leaves, leaf segments and leaflets on basal leaves when compared to C. crassifolia. Populations of C. crassifolia were placed in two partially overlapping groups, referring to the samples from the Eastern Pyrenees on one side, and those from central Iberian mountains on another.
(2) Cardamine crassifolia from the Eastern Pyrenees and central Iberian mountains. In PCA of individual plants, two groups corresponding to the samples from the Pyrenees and central Iberian mountains, respectively, were revealed, although with many specimens in overlapping positions (Fig. 3) . Floral characters showed the highest correlation with the first axis (Table 3, PCA). In CDA distinct separation between individuals from these two areas was achieved (Fig. 4) , based on floral characters, as indicated by PCA, and on the number of leaflets of basal leaves (see total canonical structure in Table 3 , CDA). As can be seen also from the mean values and interquartile ranges of these characters (Fig. 5) , Pyrenean plants have generally larger petals, longer filaments, and lower number of leaflets of basal leaves. Classificatory discriminant analysis also showed good extent of separation, as 96-97% of the specimens were correctly classified. Most of the misclassified plants came from the population in Sierra de Gúdar (population no. 28; Table 1), due to slightly longer filaments, fewer stem leaves and leaflets of basal leaves possessed by these individuals. Except for the differences in quantitative characters recovered between Pyrenean and central Iberian populations, we observed also pronounced qualitative differences. While plants from the Pyrenees have an exclusively thin, horizontally creeping rhizome, ascending stem, and basal leaves not forming a rosette, those from central Iberian mountains differ in this respect. Both plants with horizontal and erect rhizome (or intermediate one) can be found, often at least the upper part of the rhizome is thickened (and sometimes bearing multiple flowering stems), basal leaves either form or do not form a true basal rosette, and both ascending and erect stems can be observed (Fig. 6 ). We found very few plants (12 out of 268 examined) having the same combination of these characters, as is typical for plants from the Pyrenees.
(3) Iberian C. pratensis s.str. In CDA performed on populations as OTUs and six cytotypes as groups, populations with 2n = 48 and 46 were separated along the first canonical axis (most strongly correlated with the number of segments on stem leaves, number of leaflets of basal leaves and ratios LL2/NS2, LL2/LTS; Table 4 ) on one side, and remaining populations on another, with diploids in an intermediate position (Fig. 7) . Heptaploid, hypotetraploid and tetraploid populations were separated from each other along the second axis, most correlated with the length of sepals and ratio LTS/LLS. However, when CDA was performed on individual plants, different cytotypes were found largely intermingled in one dense group, showing only slight shifts along the axes (figure not shown). Similarly, in the classificatory discriminant Table 3 , PCA). First two axes explain 24.31% and 14.43% of total variation. Table 3 , CDA). analysis, the percentages of plants correctly classified into predicted groups (= cytotypes) were low, ranging from 39.62% for plants with 2n = 32, to 87.76% for those with 2n = 46. The latter cytotype, however, was represented by only two populations, and thus the value can be somewhat biased. When comparing the values (mean, median, percentiles) of the measured characters, increase in length of petals and length of filaments can be observed from diploid to heptaploid levels (Fig. 8 ). In addition, hypotetraploids shifted with respect to lower number of leaves and segments on leaves, and diploids had the shortest sepals. Still, for all characters examined, large overlap among cytotypes was evident (Fig. 8) .
(4) Iberian vs. central European C. pratensis s.str. In the cluster analysis of Iberian and central European populations of C. pratensis s.str., Iberian populations did not group together, but were found scattered in all three main clusters (Fig. 9 ). The population from the Central Pyrenees (no. 61, see Table 1 ), which showed a somewhat isolated position relative to other Iberian populations, clustered here together with central European populations of 2n = 30 and 38, and the diploid C. rivularis auct. type. Similarly, in PCA no separation between Iberian and non-Iberian populations was seen (figure not shown). Also in the qualitative characters colour of petals and indumentum of rachis of basal leaves, no differences were found, as Iberian populations have reddish-violet flowers and rachis glabrous (mostly) or with patent hairs, as is typical for C. pratensis s.str. Although some Iberian populations had strongly thickened tuberous rhizomes, not observed among central European populations, this feature was neither correlated with any other morphological character, nor geographically, since such plants were found in Portugal, in Spanish provinces A Coruña, Pontevedra, Guipuzcoa and Segovia, and in diploid to heptaploid populations. AFLP analyses. -In 114 individuals of the C. pratensis group investigated, 219 scorable fragments were amplified by three primer combinations. Nine fragments were monomorphic, and 19 fragments were restricted to single samples. The number of fragments amplified per taxon (or group of populations) varied (Table 5) . When comparing the average number of fragments amplified per individual in different taxa and cytotypes, only small differences were found. With the exception of samples of Iberian diploid C. pratensis s.str. (no. 61), which showed only 36 (± 2.1) fragments per genotype, in all other samples, including diploid C. crassifolia and C. granulosa, 42-51 fragments were scored. The number of fragments in C. pratensis s.str. was correlated with ploidy level (Spearman correlation coefficient r s = 0.764, P = 0.05). However, the highest value was not found in the samples of 2n = 56, but in those of 2n = 44 (51 ± 1.9 fragments). In PCoA based on Jaccard's coefficient, several groups of related AFLP phenotypes can be recognized (Fig. 10) . Samples of C. pratensis s.str. both from the Iberian Peninsula and other parts of Europe formed one dense group, without further division in the ordination of the first three coordinates. Diploid C. matthioli and tetraploid C. majovskii were placed close to each other and to C. pratensis s.str., even with some samples intermingled. Cardamine crassifolia from the Eastern Pyrenees and central Iberian mountains formed two distinctly separated groups corresponding to their geographic origin. Samples of C. granulosa from Piemont were different from those from central Italy, but this Italian taxon will not be discussed here in more detail, as it is being evaluated elsewhere, including also its morphology (Lihová & al., submitted b) . In the PCoA ordi- between basal leaves sometimes retained) Number of stem leaves (2-)3(-4) (2-)4(-6) (2-)5(-10) Number of pairs of 1-2 1-4 2-9(-10) leaflets on basal leaves Petals length (mm) (5.9-)8.1(-10.4) (5.0-)6.5(-8.3) (9.4-)13.3(-16.7) width (mm) (3.5-)4.7(-5.9) (2.2-)2.9(-3.6) (5.9-)7.9(-9.7) shape obovate to broadly obovate narrowly obovate obovate to broadly obovate (Fig. 11) . The group consisting of C. pratensis s.str., C. matthioli and C. majovskii is rather heterogeneous, as is evident from the bootstrap value of 57%, but at the same time it shows low resolution, only samples from the same population and those from geographically close localities clustering with higher support. Cardamine crassifolia from the Pyrenees formed one well supported group (100% bootstrap value), as well as that from central Iberian mountains (92%), but they both received only moderate support as one group (69%). Such clustering is consistent with a rather high number of fragments exclusively recorded (although not present in all accessions) for each of them, 14 fragments for the Pyrenean and 15 for the central Iberian samples (Table 5 ). When considering both as one entity, only three such fragments were scored. AMOVA in C. pratensis s.str. without subdividing populations into groups showed moderate differentiation among populations, as 56.65% of total variation accounted for among-population variation. Partitioning of populations of C. pratensis s.str. into nine geographic regions revealed that 26.14% of the overall variation was explained by among-group variation, 31.35% by variation among populations, and 42.51% by that within populations (Table 6 ). When differentiating ploidy levels (seven groups), only 7.79% of the total variation was assigned to variation among cytotypes, while most of the variation was among (49.73%) and within populations (42.48%). AMOVA including only Iberian populations of C. pratensis s.str. subdivided geographically (six groups) gave higher value for the among-group variation (30.55%) than the analysis including also non-Iberian Fig. 8. Variation in selected morphological characters compared among different cytotypes (2n = 16, 30, 32, 46, 48, 56 Table 1 , with chromosome numbers indicated in parentheses, and marked by vertical bars. samples. The Iberian cytotypes showed much higher differentiation (30.98 % vs. 7.79% with the inclusion of non-Iberian samples), but still, most variation was explained by among-and within-population differentiation. In accordance with neighbour-joining and PCoA results, only 12.51% of the total variation can be attributed to variation between Iberian and non-Iberian populations, suggesting that there is hardly any genetic differentiation between Iberian populations and those from other parts of Europe.
Sum of

In the two-level AMOVA of populations of C. crassifolia from the Eastern Pyrenees and those from central Iberian mountains, strong differentiation among the populations was revealed (86.84%; Table 7 ). As can be seen from the three-level AMOVA, this is attributable mostly to the regional differentiation (E Pyrenees vs. central Iberian mountains Sierra de Gredos and Sierra de Albarracín; 62.77% of total variation), with a much lower value for among-population variation within a region (27.83%). When subdividing both Pyrenean and central Iberian populations into two geographic groups, even higher proportion of the variation accounted for amongregion variation (77.53%). This is due to high genetic differentiation also between populations in Sierra de Gredos and Sierra de Albarracín (77.34%), as also shown in the neighbour-joining tree (Fig. 11) .
Description of the new taxon. -Both morphological and molecular comparative analyses demonstrate that populations from central Iberian mountains, traditionally classified within C. crassifolia, are different from typical C. crassifolia, and should be regarded as a separate taxonomic entity. On a basis of this evidence, we describe here a new species, Cardamine castellana Lihová & Marhold. Morphological characters distinguishing this species from C. crassifolia and C. pratensis s.str. are summarized in Table 8 . Descriptio: Herba perennis, (7-)13-23(-26) cm alta (ad infimum pedunculum). Rhizoma repens, obliquum vel erectum, plerumque incrassatum certe in parte superiore, tantum raro omnino tenue, interdum ferens plures floriferos caules (caespitosus), raro prostratos usque ascendentes stolones. Caulis ascendens usque erectus, simplex vel raro ramosus. Folia basalia glabra, pinnata, 1-4 jugata, rosulata vel congesta prope basin caulis; foliola terminalia late ovata usque subrotundata, integra vel in apice remote crenata, basi reniformia vel obtusa, majora foliolis lateralibus; foliola lateralia late elliptica, ovata usque subrotundata. Folia caulina (1-)2-6(-7), pinnatisecta, glabra, segmenta foliorum mediorum (4-)5-11(-13); segmentum terminale oblongum usque ellipticum vel oblanceolatum usque obovatum, integrum vel in apice remote crenatum, segmenta lateralia oblonga usque elliptica vel oblanceolata; numerus segmentorum inflorescentiam versus decrescens. Inflorescentia racemosa; petala saturata usque diluta rubelloviolacea, raro paene alba, anguste obovata, raro obovata, apice sinuata, (4.5-)5-8.3(-9) mm longa et (2-)2.3-3.6(-4.2) mm lata. Sepala elliptica usque anguste obovata, (2.4-) 2.6-3.8(-4.2) mm longa. Staminum 6, tetradynama, antherae luteae, stamina filamenta longiora (3.1-)3.5-4.9(-5.6) mm longa, filamenta breviora (1.3-)1.9-3.1(-3.5) mm longa. Stigma conspicuum, dilatatum. Pedunculi patentes usque erecto-patentes, siliquae divergentes in eundem angulum ac pedunculi vel erectae. 2n = 2x = 16.
Cardamine castellana
Description: Perennial herb, (7-)13-23(-26) cm tall (up to the lowest flower/fruit peduncle). Rhizome creeping, oblique or erect, mostly thickened at least in the upper part, only seldom entirely thin, sometimes with multiple stems (caespitose), and occasionally with prostrate to ascending thin stolons. Stem ascending to erect, simple or rarely branched above. Basal leaves glabrous, pinnate, with 1-4 pairs of leaflets, either forming a basal rosette or only congested near the stem base; terminal leaflet broadly ovate to roundish, entire or remotely crenate at apex, reniform or obtuse at base, larger than lateral ones, lateral leaflets broadly elliptic, ovate to roundish. Stem leaves (1-)2-6(-7), pinnatisect, glabrous, middle stem leaves with (4-)5-11(-13) segments; terminal segment oblong to elliptic or oblanceolate to obovate, entire or remotely crenate at apex, lateral ones oblong to elliptic or oblanceolate; number of segments gradually Full list of studied specimens of the Cardamine pratensis group in the Iberian Peninsula is given in the internet version of Taxon.
DISCUSSION
Combined karyological, morphological and molecular studies suggest that three taxa of the Cardamine pratensis group can be recognized in the Iberian Peninsula: C. pratensis s.str., C. crassifolia, and the herein described new species, C. castellana. Whereas C. pratensis s.str. is composed of several cytotypes, ranging from diploid to heptaploid, the latter two Iberian endemic species are diploid. All three taxa show morphological differences in both qualitative and quantitative characters, and based on molecular AFLP data they are also genetically clearly differentiated.
Cardamine pratensis s.str., karyological and morphological diversity. -Cardamine pratensis s.str. is a highly polymorphic polyploid species widespread in Europe. Although Lövkvist (1956) indicated that in maritime districts of Portugal, NW Spain and SW France, a diploid taxon, different from C. pratensis s.str., could be recognized, we cannot support his view. In both morphological and molecular evaluation, Iberian populations clearly fall within the variation of this species in other parts of Europe (Fig. 9, Table 6 ). Previously, only diploid and triploid chromosome numbers for this taxon were reported from the Iberian Peninsula (both from Portugal; Lövkvist, 1956; Queirós, 1973) , but we revealed a much wider karyological variation (Table 1 , Fig. 1) . We recorded diploid populations in Portugal (Beira Litoral region), in the Spanish province Cantabria, and in the Central Pyrenees. Diploids of C. pratensis s.str. otherwise occur scattered across Europe; they have been found in Central Europe (e.g., Lövkvist, 1956; Urbanska-Worytkiewicz & Landolt, 1974; Marhold, 1994 Marhold, , 1996 Marhold, , 1999 , in Belgium (Vyvey & Stieperaere, 1984) , and France (Guinochet, 1946; Bernard, 1974; Vyvey & Stieperaere, 1984) . In the Central Pyrenees (province Huesca) we found one diploid population (Table 1 , population no. 61) morphologically somewhat deviating from other Iberian populations. Due to small floral organs and lower number of leaf segments in some individuals, in morphometric analyses it was placed close to C. crassifolia (Fig. 2) . Most of the plants had, however, erect stems, short and thick rhizomes, and true basal rosettes with a high number of leaflets, all traits characteristic of C. pratensis s.str. Still, in a few cases tendency to ascending stems typical for C. crassifolia and rhizomes resembling C. castellana was observed. We have seen similar specimens also from other, adjacent localities (see Appendix, specimens marked by asterisks), and morphological peculiarity of plants from that area has been already noticed by Rico (1993) . Bolòs & Vigo (1990) classified populations from the Central Pyrenees as C. pratensis subsp. rivularis (Schur) Nyman (≡ C. rivularis Schur), which in fact is a different taxon restricted to the mountains of Bulgaria and the Southern Carpathians, having violet anthers and appressed hairs on the rachis of basal leaves (vs. yellow anthers and patent hairs present here; Marhold, 1994a; Franzke & Hurka, 2000) . Several authors, however, have misinterpreted this taxon, and reported it erroneously from higher altitudes in the Eastern Carpathians, Eastern Alps, Apennines, Central Massif, and also from the Pyrenees (Lövkvist, 1956; Urbanska-Worytkiewicz & Landolt, 1974; Landolt, 1984) . As conspicuous morphological variability, broad ecological range of habitats and large plasticity exist in C. pratensis s.str., we assume that the central Pyrenean plants, although at marginal position, still fall within the variation of C. pratensis s.str., and should be classified within this species. However, past or more recent introgression from C. crassifolia, occuring more eastward, cannot be excluded. Detailed study is needed, including several populations from that area, and evaluating them also with molecular markers.
Hypotetraploid populations (2n = 30) of C. pratensis s.str., which we found to prevail in the Atlantic region of Galicia and Portugal, represent the most widespread cytotype in Europe (Guinochet, 1946; Hussein, 1955; Lövkvist, 1956; Vyvey & Stieperaere, 1984; Marhold, 1994a, b) . Because of two longer chromosomes in the karyotype, Lawrence (1931) assumed that this cytotype originated by chromosome fusion. As a result, 7-and 8-chromosome sets can then meet in the genome of polyploid plants, and contribute to the karyological complexity of the species (Lövkvist, 1956 ). Normal tetraploids with 32 chromosomes are less frequent in Europe (e.g., Vyvey & Stieperaere, 1984; Lippert & Heubl, 1988; Marhold, 1999) , and in the Iberian Peninsula they seem to be concentrated in the Basque country and Central Pyrenees (Fig. 1) . Populations with 40 chromosomes, here found in the province of Navarra, have been reported so far solely from France (central Jura; Guinochet, 1946) . Interesting is the chromosome number 2n = 46, which we confirmed for several plants in two localities in the provinces Guipuzcoa and Navarra. There are no other reports for such populations in Europe (only a single plant determined from France by Lövkvist, 1956 ), but these two populations are morphologically and geographically close to the normal hexaploid ones (2n = 48), thus they may have originated in them. Higher polyploids with 48 and 56 chromosomes, which we found in several localities in central and northern Spain, occur mainly in northern Europe (England, Finland, Denmark, Sweden; Hussein, 1955; Lövkvist, 1956; Dale & Elkington, 1974) . Performing crossing experiments, Lövkvist (1956) revealed that C. pratensis s.str. is an allogamous species, and that plants of different ploidy levels (except for diploids) are partially to fully interfertile. Especially at higher ploidy levels they often cross and produce viable offspring with various aneuploid chromosome numbers. Weak reproductive barriers and existence of gene flow among individual cytotypes, together with two basic chromosome numbers (x = 7, 8), seem to be the reason for the karyological complexity of the species in Europe.
Based on our morphometric evaluation, we can confirm large morphological variation for this species in the Iberian Peninsula, already noticed by MontserratRecorder (1967) and Rico (1993) , and known from other parts of Europe. Several attempts have been made to split this heterogeneous species and to recognize several separate taxa (e.g., C. nemorosa, C. rivularis auct. non Schur, C. udicola, C. pratensis subsp. picra, C. pratensis subsp. major; de Langhe & D'hose, 1976; UrbanskaWorytkiewicz & Landolt, 1974; Tomšovic, 1986) . Resulting from previous studies (Landolt, 1984; Franzke & Hurka, 2000) and our observations, these cannot be regarded more than ecotypes or plasticity responses, without clear morphological and molecular differentiation. Morphometric comparison of different cytotypes of C. pratensis s.str. provided very similar results to those obtained by Marhold (1996) . Although shifts in some characters at the populational level were found among the cytotypes, these, due to large overlap in the ranges, blurred at the level of individual plants. Several molecular markers used by Franzke & Hurka (2000) failed to resolve relationships and origin of different cytotypes of C. pratensis s.str. Neither the highly resolving AFLP-fingerprinting applied here has brought much more resolution, and thus, supported its current taxonomic treatment as a single species. Genetic affinity among geographically close populations of the same ploidy level was revealed, most likely reflecting current extensive gene flow over short distances. As suggested by genetic partitioning shown by AMOVA (Table 6 ), gene flow is restricted by both different ploidy levels and large geographic distances. Very low among-cytotype differentiation on the European scale, in contrast to higher differentiation among geographic regions, also indicates that the polyploids in C. pratensis s. str. might not have a single origin, but could have evolved independently and polytopically. Alternatively, such pattern could be attributed to gene flow across ploidy levels within regions. To support either of these hypotheses, however, much larger and detailed sampling across the whole distribution range would be needed.
Apart from C. pratensis s.str., populations resembling C. dentata have been reported from northern Spain (provinces Soria, Burgos, Navarra; Montserrat-Recorder, 1967; Rico, 1993) . Cardamine dentata is a high polyploid (2n = 7x-12x) species distributed in central and northern Europe (Lövkvist, 1956) . Although often misinterpreted by some authors (see Marhold, 1994a) , morphologically it is well characterized by having all leaves pinnate with distinctly stalked and deciduous leaflets, and large white flowers (Marhold, 1994a ). As we have not seen any herbarium specimens or plants in the field which would correspond to this taxon, and bearing in mind also its distribution, we find its occurrence in Spain as highly improbable.
Cardamine crassifolia, an endemic diploid species from the Eastern Pyrenees. -From our herbarium and field studies, C. crassifolia should be regarded as a narrow endemic confined to the Eastern Pyrenees. The westernmost locality documented seems to be in Andorra, since westward from that, in the Central and Western Pyrenees, only diploid to pentaploid populations of C. pratensis s.str. occur (Table 1, Fig. 1 , Appendix). Further records for C. crassifolia have been reported from various central Iberian mountains (Mateo Sanz & al., 1994) ; these, however, refer to the herein described new species C. castellana (Table 1, Fig. 1,  Appendix) . A similar distributional pattern as in C. crassifolia occurs also in another Iberian taxon, namely C. amara subsp. pyrenaea Sennen (Lihová & al., 2000) . These two taxa, both diploids, have similar ecological requirements and co-occur in some localities. Most recently, even a sterile hybrid between them has been documented from two sites (Marhold & al., 2002) .
A relic position of C. crassifolia within the C. pratensis group has already been proposed by Lövkvist (1956) on the basis of its distinct morphology and distribution. Recent molecular study combining several markers (Franzke & Hurka, 2000) , as well as our AFLP data favour this view, as they reveal C. crassifolia as a genetically well-differentiated taxon, possibly representing one of the basal lineages of the C. pratensis group. The evolutionary history of this polyploid complex, however, might be even more complicated than presented by Franzke & Hurka (2000) . Our preliminary molecular studies on polyploid C. raphanifolia (sensu Flora Europaea) show that it stands very close to the C. pratensis group (Lihová & al., submitted a) . It seems that neither the C. raphanifolia nor C. pratensis groups, as currently understood, are monophyletic, and their evolution and diversification have involved taxa from both groups.
The name C. crassifolia was first published by Pourret in 1788. A detailed description of this taxon was provided by Sennen, under the name C. nuriae Sennen (Sennen, 1917) , and later C. pratensis subsp. nuriae (Sennen) Sennen (Sennen, 1929) . Following Sennen's treatment, some authors have preferred subspecific level for this taxon, and this status was adopted in Flora Europaea (Jones & Akeroyd, 1993) as C. pratensis subsp. crassifolia (Pourr.) P. Fourn., as well as in Flora Iberica (Rico, 1993) under C. pratensis subsp. nuriae, having priority against the former name (for full nomenclatural account see Marhold & al., 2002) . However, on the basis of clear molecular and morphological differentiation of this taxon, we prefer to keep it at the level of species, as also treated by previous authors studying the group in more detail (Lövkvist, 1956; UrbanskaWorytkiewicz & Landolt, 1974; Landolt, 1984; Franzke & Hurka, 2000) .
Cardamine castellana, the newly described Iberian species. -Populations occurring at higher altitudes in the central Iberian mountains (Sierra de Gúdar, Sierra de Albarracín, Sierra de Gredos, Sierra Segundera, and also Cordillera Cantabrica) have been included within C. crassifolia (Rico, 1993; Mateo Sanz & al., 1994) . However, detailed morphological and molecular analyses reveal that these populations differ from C. crassifolia from the Eastern Pyrenees, and therefore deserve formal taxonomic recognition. This new taxon, C. castellana, shows interesting patterns of morphological variation. In most quantitative characters it resembles more C. crassifolia, whereas when examining morphology of rhizome and basal parts of the stem, it exhibits mixed characteristics of C. crassifolia and C. pratensis s.str. (Fig. 6 ). In the ITS sequence tree (Franzke & Hurka, 2000, under C. crassifolia) it appeared closer to C. crassifolia than to C. pratensis s.str., as did also in the neighbour-joining tree of AFLP data (Fig. 11) . From a taxonomical point of view, the critical question is whether to adopt a specific or subspecific rank for this taxon. Both the genetic differentiation between C. crassifolia and C. castellana (revealed by the high betweentaxon differentiation in AMOVA and documented also by several exclusive AFLP fragments in each of these two taxa, as opposed to the few they share) and differences in morphology show that they represent two well defined and distinct diploid taxa. To keep balanced and consistent taxonomic treatment of the C. pratensis group through the whole distributional range, and considering also the fact that it, although always treated and accepted as a group, might not be monophyletic (Lihová et al. , submitted a), we find the species rank for C. castellana appropriate. Strong genetic differentiation revealed between populations from Sierra de Gredos and Sierra de Albarracín most probably indicates long-term isolation and absence of gene flow between these two mountain ranges, but without any morphological differentiation.
Although morphological and molecular data currently available do not provide sufficient resolution for inferring the origin and evolutionary history of C. castellana, two hypotheses might be suggested. The first is that C. crassifolia and C. castellana represent two closely related lineages, which have diverged from a common ancestor. They might have undergone morphological and genetic diversification due to their long geographic isolation and adaptation to different abiotic conditions. Alternatively, intermediacy in morphology may indicate hybrid origin of C. castellana between diploid C. pratensis s.str. and C. crassifolia. More insights into the genomic constitution of C. castellana and its close relatives are obviously needed.
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